ABSTRACT Bronchoconstriction was induced in asthmatic patients by means of isocapnic hyperventilation with dry air. Responses both within a day and between days did not differ significantly and corresponded closely with those observed after exercise. The mean fall in forced expiratory volume in one second (FEV1) observed with both techniques was equivalent to 36o%. Isocapnic hyperventilation with dry air, as used in this study, was a potent stimulus and provoked a reproducible response. The method was physically less demanding than exercise and was more acceptable to patients.
As early as the seventeenth century, it was recognised that asthma could be provoked by exercise, and it was stated that "Those exercises that move the arms, exercise the lungs moste".I Thus, Anderson et a12 found that jogging on a treadmill produced a greater fall in peak expiratory flow rate in asthmatics than exercise on a bicycle ergometer. However, others3 found that provided rates of oxygen uptake were matched in the two forms of exercise, they were equipotent in effect. More recent research4 has shown that the triggering stimulus for exerciseinduced asthma (EIA) may be cooling of the airways. During inspiration, air is warmed and humidified by heat and water loss from the mucosa. This loss is caused by convection and evaporation and therefore the degree of mucosal cooling depends on the temperature and humidity of inspired air, and minute ventilation. Isocapnic hyperventilation has been proposed as a practical alternative to exercise for inducing bronchoconstriction.67 It has also been suggested that the effect of hyperventilation can be maximised by cooling the inspired air. 8 We have studied isocapnic hyperventilation with dry air to determine magnitude and reproducibility of response in a group of asthmatic patients.
Methods
Ten patients were studied, six male and four female, aged between 13 and 37 years. Seven were atopic. All gave a clinical history suggestive of exerciseinduced asthma. None was never greater than 0 5°C within a day, or 1-5'C between days. The cylinder air used has for practical purposes zero humidity.
Discussion
With the recent suggestion that respiratory heat exchange is the triggering stimulus for exerciseinduced bronchoconstriction, 5 any provocation test must take into account temperature and humidity of inspired gas and minute ventilation.
Since our laboratory temperatures were fairly constant, no attempt was made to alter inspired air temperature. The use of cylinder gases ensured that the humidity of inspired air was constant and near zero. The small amount of rebreathing permitted by the Otis-McKerrow valve (dead space 115 ml) was assumed to have a constant effect on humidity for each patient. The continuous monitoring of inspired and expired gas flow during hyperventilation allowed relevant instructions to be given to the patients regarding respiratory rate and depth to maintain their minute ventilation at target level. During treadmill exercise, ventilation control was found to be more difficult. It was impossible to predict the effect of alteration of treadmill speed on minute ventilation in these untrained subjects.
No previous training was necessary for patients to carry out hyperventilation satisfactorily. All patients preferred hyperventilation to exercise as the former required less physical exertion and was not associated with dyspnoea on completion of the six-minute period. did not show an asthmatic response on day 1 but had a "normal" asthmatic response on day 2 after both hyperventilation and exercise. This suggests that the lack of response on day 1 was not caused by inadequacy of the hyperventilation challenge, but may have been a reflection of altered reactivity of the patient's airways which cannot be explained in terms of differing pre-test FEV 1 values. This variability must be borne in mind both in screening for exercise-induced asthma and in clinical research.
Our findings suggest that isocapnic hyperventilation with dry air is a reliable method of inducing bronchoconstriction, and has practical advantages over exercise testing in untrained subjects. It can also be performed with less complicated equipment than that required for isocapnic hyperventilation with cold air.
